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ART. XXXV.- Contributions from the Sheffield Laboratory of 
Yale College. No. XXV.-Results of a Ohemical Investigation 
of some Points in the Manufacture of "~Malleable Iron;" by 
RUSSELL W. DAVENPORT, Ph.B. 
THE annealing process employed in making malleable iron 
consists, as is well known, in packing the castings with oxide 
of iron scale in cast-iron chests, placing six or eight of these 
chests upon the hearth of a kiln or furnace, resembling a rever-
beratory furnace, and exposing them for five or six days to a 
bright red heat; the furnace is then allowed to cool, and the 
castings, as soon as they can be handled, are ready for finishing. 
The following analyses, made of two samples about * inch in 
thickness, each annealed twice and analyzed before and after 
each annealing, show what influence the process has upon the 
impurities contained in the iron. It will be seen the iron used 
was a fairly good charcoal-iron. The unannealed castings, when 
broken, showed a white fracture, all the carbon being in the 
combined state. This last property must be possessed by all 
castings to insure the success of the process. The annealed 
castings when broken were up to the average toughness of 
"malleable iron," and their strength did not materially decrease 
after the second annealing. 
I. Casting No. 1. 
Silicon, 
Phosphorus, 
Manganese, 
Sulphur, 
Total Carbon, 
1. 
'44 
'29 
'524 
.064 
3'44 
Bef01'e annealing. 
2. 
'45 
'34 
'534 
.054 
3'42 
Average. 
'445 
'315 
'529 
'059 
3'43 
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IL Oasting No, I, 
1. 
Silicon, '440 
Phosphorus, '323 
Manganese, '57 
Sulphur, '062 
Total Carbon, 1'53 
IlL Casting No, l. 
Silicon, 
Phosphorus, 
Manganese, 
Sulphur, 
1. 
'447 
'31 
'51 
'086 
After first annealing, 
2. Average. 
'436 '438 
'330 '327 
'60 '585 
'072 '067 
1'49 1'51 
After second annealing, 
2. Average. 
'451 '449 
'32 '315 
'54 '525 
'081 '083 
Total Carbon, below 0'10 per cent, 
IV. Oasting No, 2, Before annealing, 
1. 2. Average. 
Silicon, '59 '58 '585 
Phosphorus, '29 '27 '280 
Manganese, '55 '62 '585 
Sulphur, '11 '10 '105 
Total Carbon, 3'50 3'43 3'48 
V, Casting No, 2, After first annealing, 
1. 2. Average. 
Silicon, '616 '612 '614 
Phosphorus, '290 '291 '290 
Manganese, '619 '613 '616 
Sulphur, '152 '143 '147 
Total Carbon, '43 '43 
VL Oasting No, 2, 
Silicon, 
Phosphorus, 
Manganese, 
Sulphur, 
1. 
'615 
'29 
'59 
'161 
Ajler second annealing, 
2. Average. 
'613 '614 
'30 '295 
'56 '575 
'163 '162 
Total Carbon, 'below 0'10 per cent, 
From the above analyses the following conclusi.ons may be 
drawn j first, that the silicon, phosphorus and manganese are in 
no way affected by the annealing proeess; second, that the 
amount of sulphur is not diminished and may be slightly in· 
creased j and third, that the amount of carbon is reduced by 
each annealing until finally a mere trace remains. The slight 
increase of sulphur shown by both sets of analyses is probably 
due to the presence- of that substance in the coal used for fuel 
In regard to the change in the carbon a word must be said, 
The castings before annealing, containing 3~ pel' cent of com· 
bined carbon, showed, on breaking, a white fracture, and were 
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too hard to be cut by a drill; after the first annealing an inter-
esting change showed itself in the fracture; a whitish surface 
extended in about ,'if of an inch on all sides, surrounding a 
dark core of dull black color; the line of ehange from the light 
to the dark was quite distinct, and the whole was easily cut by 
a drill. A portion of this white outside layer was filed off and 
the carbon determined to be present only in traces, while 
analyses II and V. show the presence of a considerable amount 
of carbon, when a sample of the entire cross section was taken. 
The black core was noticeably smaller in the case of casting 
No. 2 than in casting No.1, which accounts for the small 
amount of total carbon in analysis Y. After the second anneal-
ing the black core had entirely disappeared in both cases, the 
whole fracture being of the same appearance as the white bor-
der mentioned above, the amount of carbon in a sample of the 
whole cross section, as shown by the analysis, was red uced to a 
trace. It would appear from the above that when a casting 
does not much exceed t of an inch in thickness, the carbon is 
approximately eliminated throughout the whole mass by the 
ordinary annealing process; when, however, the casting is 
thicker, the elimination only extends from the surface into the 
mass for a certain distance, but may be carried farther in by a 
repetition of the process. It would also seem that in the inte-
rior of a thick casting, where the amount of carbon is at all 
events only partially reduced, that which remains is by the 
high heat and subsequent slow cooling changed in its state of 
occurrence from combined carbon to a species of uncombined or 
graphitic carbon; for where the iron before annealing is white 
and very hard, after annealing it shows a dark fracture and is 
quite soft. Its behavior, too, with nitric acid would lead to the 
same conclusion, for while the white unannealed iron dissolved 
perfectly in that reagent, upon standing a few hours, and gave 
to the solution the same clear brown color that"is noticed when 
a high steel is so treated, the annealed "black heart," as it is 
technically called, gave a dirty green color to the solution and 
a black carbonaceous residue remained. 
The manufacturers of "malleable iron" are occasionally 
troubled by a lack of toughness in the annealed castings when 
these are exposed to a sudden blow or to a bending strain. 
This weakness is at times doubtless caused by the natural rot-
tenness of the iron owing to the presence of an excessive 
amount of silicon, phosphorus or sulphur; but it also must 
frequently be due to a crystalline structure which the iron 
under certain unknown conditions assumes while being annealed. 
This structure shows itself in the fracture of an annealed cast-
ing in the form of bright crystalline faces which occasionally 
extend entirely across the fracture. 
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Further analyses were made of another specimen, before and 
after its annealing, which when, annealed and broken was brittle, 
and showed the crystalline structure to some extent. 
VII, Before annealing, 
1. 2. 
Silicon, '577 '580 
Phosphorus, '425 '423 
Manganese, '154 '117 
Sulphur, '116 '112 
Total Carbon, 3'277 3'285 
Silicon, 
Phosphorus, 
Manganese, 
Sulphur, 
VIII, Alter annealing, 
\. 2. 
'560 
'46 
'136 
'113 
'44 
'158 
Total Carbon, bE\low 0'10 per cent, 
Average, 
'579 
'424 
'165 
'114 
3'281 
.Average. 
'560 
'450 
'147 
'113 
. The weakness in this case may perhaps be partially caused 
by the large amount of phosphorus present,but the next two 
analyses made of specimens, which when broken after being 
annealed were very brittle and showed a most decided crystal-
line structure, go to prove that this phenomenon of crystalliza-
tion cannot be attributed to the presence of an excessive 
amount of silicon, phosphorus or sulphur, 
IX, Once annealed, large crystalline faces in fracture, 
Silicon, 
Phosphorus, 
Manganese, 
Sulphur, 
Carbon, 
I. 
'44 
'267 
'264 
'145 
2. 
'46 
'266 
'182 
'133 
below 0'10 per cent, 
Average. 
'450 
'266 
'223 
'139 
X, Twice annealed, crystalline faces fY.Vtended entirely across the 
Silicon, 
Phosphorus, 
Manganese, 
Sulphur, 
fracture, 
1. 
'585 
'213 
'149 
'092 
2. 
'593 
'212 
'158 
'118 
Carbon, ~one or sligl1t trac'e, 
Average. 
'589 
'212 
'153 
'105 
The above analyses t.o seem afford no explanation of this crys-
talline structure, and the cause of it can only be determined by 
careful experimenting and by the comparison of a large number 
of trustworthy analyses. 
The next analysis was made of an annealed casting which 
when bent showed a greater degree of toughness than common, 
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It was of circular section! inch in diameter, and was bent cold 
through an angle of 90° without showing fracture. 
XI. 1. 2. Average. 
Silicon, '717 '72~ '719 
Phosphorus, '206 '202 '204 
Manganese, '273 '268 '270 
Sulphur, '035 '037 '036 
Total Carbon, 1'840 1'844 1'842 
From this analysis it may be inferred that the silicon may run 
as high as 0'7 per cent without effecting the toughness of the 
annealed product, while it also tends to show, what might cer-
tainly be expected, that an iron low in phosphorus and sulphur 
is most suitable for making malleable iron. 
In regard to the chemical processes used in making the above 
analyses, in most of the important points I followed the 
methods for the analysis of iron and steel, given in the last 
American edition of Fresenins, and I departed from these meth-
ods only in such details as Prof. Allen, of the Sheffield Scien-
tific School Laboratory, kindly recommended. All the speci-
mens examined except, No. XI, were obtained from Messrs. O. 
B. No;th & Co., of Nevy- Haven,. whose co~rt~sy in. sp~cialll 
preparmg and re-annealmg the Iron for thls mvestlgatlOn IS 
gratefully acknowledged. 
